We present molecular dynamics simulations of a multicomponent asymmetric bilayer in mixed aqueous solutions of sodium and potassium chloride. Ion specific effects are observed at the membrane/aqueous solution interface. Namely, at equal concentrations of sodium and potassium, sodium ions are more strongly adsorbed to carbonyl groups of the lipid headgroups. A significant concentration excess of potassium is needed for this ion to overwhelm the sodium abundance at the membrane. Due to the geometry of the system there are two aqueous solution regions in our simulations: one mimicking intracellular region and one extracellular. Ion-membrane interactions also lead to concentration-dependent and cationspecific behavior of the electrostatic potential in the intracellular region due to the negative charge on the inner leaflet. Additionally, water permeation across the membrane was observed on the ~100 ns timescale. The present study represents a step toward modeling of realistic biological membranes at physiological conditions in the intra-and extracellular environments.
Introduction
Membranes are important components of biological cells because they separate the content of cells and organelles from the surrounding fluids. At the same time membranes play an active role in regulating traffic across these open systems and in addition regulate communications among cells. Nature accomplishes all these tasks by designing membranes in the form of sophisticated bilayers containing mixtures of different lipids and proteins (1) . Properties of lipids and of proteins in membranes are mutually adjusted in order to perform specific functions. In view of an enormous number of functions needed to be performed in a variety of different cells, it is not surprising that a wide variety of lipids and proteins can be found in membranes. This variety of proteins and especially lipids provides biological membranes with flexible electrostatic and elastic properties. By mixing lipids with different headgroups and different tails and by building bilayers asymmetrically from two monolayers of different composition, membranes can adjust their thickness to adopt proteins and exclude or include them, can change the curvature, and can turn on or off electrostatic interactions (2) .
A prime example of how nature may use variable properties of lipids in membranes is the existence of lipid raft domains that contain an enhanced number of sphingomyelin molecules and cholesterol (3, 4) . It is worth mentioning that the role of proteins in rafts for biological membranes is not clarified yet, and even more fundamental issues such as the equilibrium or non-equilibrium nature of rafts are not settled yet (5) . Another interesting issue related to rafts is connected to the asymmetry of the membranes (6) . While sphingomyelin is prevalent in the outer leaflet of plasma membrane, it is not clear what lipid can play its role for creation of rafts in the inner leaflet.
The distribution of salt ions inside and outside the cells represents another pronounced asymmetry. While K + are the dominant cations inside the cellular media, Na + ions are mostly located outside (1) . This non-equilibrium situation is primarily maintained by an intricate system of ion pumps and channels, but a question arises whether the asymmetry of the membrane and the fact that the inner leaflet bears a negative charge is also related to this ionic selectivity. Recent simulations and experiments show that ions display selective adsorptive properties towards lipid bilayers (7) (8) (9) (10) (11) (12) (13) (14) . What is the role of the bilayer asymmetry and selective adsorption properties on the total electrostatic properties of membranes? How can membrane asymmetry influence membrane/peptide interactions that are screened by salt? In order to be able to address some of the issues raised by these questions we performed computer simulations of asymmetric model biological membranes in aqueous solutions containing KCl and NaCl salts and report the results from these simulations here. The rest of the paper is organized as follows: In Section II we discuss the methods employed in our simulations, in Section III we present the results, and in Section IV we present the discussion thereof, followed by a brief conclusions section.
Systems and Methods (i) System composition
As mentioned in the Introduction, the composition of membranes found in biological cells is variable, depending on the biological species and type of the organelle the membrane encloses. Thus, for example, the plasma membrane of the human erythrocyte is strongly asymmetric, i.e. the composition of the two leaflets in the bilayer is different. The detailed composition of the leaflets for this membrane was investigated and the results are available in the literature (15, 16) . To create a more biologically realistic model of an asymmetric membrane in our simulations, we have chosen to mimic the plasma membrane of the human erythrocyte. Therefore, we constructed an asymmetric membrane containing four different lipids, three of them zwitterionic -1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (POPE), and N-palmitoyl 3 sphingomyelin (PSM), and one anionic -1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoserine (POPS). The chemical structures of these four mentioned phospholipids are depicted in Figure  1 .
The outer leaflet of such a membrane consists mainly of PC and SM lipids with a ratio 1:1, while the inner leaflet contains about one third of charged PS lipids, rest being zwitterionic lipids with the main contribution coming from PE phospholipids. Since we are able to simulate only a small patch of a membrane containing around 60 lipid molecules in one leaflet, lipids that are minor contributors to the composition of the human erythrocytes membrane were not considered. Neither did we include cholesterol into our present model, postponing the study of its influence to future research.
The exact number of lipids in our simulations was determined by a careful matching of the inner and outer leaflet areas, which is necessary to prevent bending and undulation of the membrane. To this end we initially performed simulations of symmetric membranes containing mixed leaflets of different compositions and compared the resulting membrane areas. The initial guess for the areas and numbers of lipids was based on the data for the area per lipid obtained from the previous simulations (17) (18) (19) (20) (21) (22) . The best resulting match was obtained for a bilayer composed of 30 POPC and 30 PSM lipids with an area of 32.7 nm 2 and the other bilayer containing 44 POPE and 20 POPS lipids with an area of 32.6 nm 2 . Therefore these compositions were adopted as the leaflet compositions of our model asymmetric membrane. A somewhat inferior match was obtained for another tested membrane which contained 43 POPE and 20 POPS lipids had area 31.9 nm 2 . The unit cell in the present simulations contained two such bilayers in a symmetric arrangement as depicted in Figure 2 . The figure shows two compositionally asymmetric bilayers oriented with their inner leaflets towards the box center, separated by aqueous solution. We denote the central region between the inner leaflets as the interior, which models the solution in the cell cytoplasm, while the extra-cellular solution is represented by an exterior region between the outer leaflets. The outer region is also a continuous region due to the applied periodic boundary conditions.
We investigated two different systems with compositions of the interior and exterior regions summarized in Table 1 . The first system, denoted as NaK-NaK, contained equal numbers of Na + and K + ions both in the interior and exterior solutions resulting from a mixture of 200 mM NaCl and 200 mM KCl. In addition, the interior solution contained counter-ions to the negatively charged POPS lipids, which were also Na + and K + cations in a 1:1 ratio. Such a choice of equal and relatively high NaCl and KCl concentrations leads to a fast convergence of results concerning ions segregation at the membrane/solution interface. The second system intends to mimic in a more realistic fashion the sodium/potassium imbalance in the cells and is further denoted as NaK system. This setup contained a 200 mM NaCl solution in the exterior region. The interior region had 20 mM of Cl -anions, together with K + couter-ions which also compensate the charge of the anionic lipids.
(ii) Computational details All simulations were performed using the program package Gromacs version 3.3.1 (23, 24) . The systems were kept within the NpT ensemble using a semi-isotropic pressure coupling at 1 bar by means of the Parrinello-Rahman barostat with a coupling constant of 2 ps. The temperature coupling was established by the Nose-Hoover thermostat separately for the lipids and the solution with a coupling time constant of 1.0 ps. Temperature was set to a slightly elevated value of 323 K in order to prevent the bilayers from a possible phase transition. Short-range van der Waals interactions were cut off at 1 nm and the effect of long-range Coulomb interactions was accounted for by using the Particle Mesh Ewald Method (25) 
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for constraining water and LINCS algorithm (27) for lipids allowed us to use a 2 fs time step. Initially, lipids were randomly generated with a random orientation on an 8 x 8 array, which was followed by a minimization step in order to remove close contacts of atoms. Subsequently, simulations were carried out for 260 ns, with the first 160 ns considered as equilibration and discarded from further analysis. Equilibrated size of the unit cell was roughly 5.7 x 5.7 x 21.5 nm, where the membranes of thickness ~3.7 nm were separated with the 7 nm of solution.
Potential parameters for the lipids are based on the united atom forcefield of Berger et al. (18) , taken from the following references: POPC (17, 19) , POPE (19) , POPS (20) , and PSM (22) . For water we employed the SPC model (28), with which the lipid forcefield was developed, and the ionic parameters were taken from the GROMACS forcefield (24) , with the exception of potassium. The depth of the Lennard-Jones potential for K + is unrealistically small, therefore, already in previous studies other parameters were used (13, 29) . We adopted a potassium ion (30) which was carefully parameterized by Dang et al. In a lipid forcefield all Lennard-Jones parameters for interaction between different atom types are explicitly defined. These values are typically obtained by using the combinations rules
⋅ and
Note that different pairs of C6 and C12 parameters are thus associated with each atom to describe interactions with various partners. Therefore, to be fully consistent with the employed forcefield for Na + we generated the non-bonded parameters for K + interacting with any atom i using the following relationships:
and
.
Results

i) equilibration and membrane area
The time development of the membrane area provides important information about the equilibration process. which, when accomplished, yields the averaged distributions (i.e., number density profiles) of phospholipids across the unit cell as depicted in Figure 3 . (Figure  3 can be removed. If this is done you need to look carefully at the paper and renumber the figures). Membrane area is defined as the lateral area of the simulation box in the xy-plane. The equilibration process monitored by the convergence of the membrane area within the unit cell (see Figure 4 ) exhibited two time scales. The first equilibration interval, during which a rapid decrease of the membrane area was observed, lasted about 20 ns. The second time regime, connected with a much slower decrease of membrane area, lasted ~ 140 ns. Finally, after 160 ns, the systems reached the equilibrium values of the membrane areas which were 32.5 ± 0.2 nm 2 for the NaK-NaK system and 32.8 ± 0.3 nm 2 for the Na-K system. In terms of an averaged area per lipid, these values correspond to 0.542 nm 2 for outer leaflet and 0.508 nm 2 for inner leaflet in NaK-NaK system and 0.546 nm 2 and 0.512 nm 2 for NaK system respectively. At the same time, the equilibrium membrane thickness, measured as the distance between density peaks of lipids, was ~3.7 nm. Additional indication that the systems reached equilibrium is the observation that after 160 ns the total number of all adsorbed ions was fluctuating around constant mean values and no drift was observed (see Figure 5) .
ii) adsorption of ions
The number density profiles of ions are plotted in Figure 6 . In the NaK system Na + was enhanced at the carbonyl region of the outer leaflet, while the density profile of K + ions on the inner leaflet displayed two peaks, one at the carbonyl region and one close to the 5 carboxyl oxygens. The ion adsorption was stronger at the carbonyl compared to the carboxyl oxygens. In the NaK-NaK system both cations were competing for adsorption at both sides of the membrane. The ion adsorption pattern was the same as in the NaK system. The sodium cation was preferred over potassium with the exception of carboxyl region. Cl -anion exhibits a weak enhancement at the outer leaflets but no enhancement at the inner leaflets for both systems under study.
The ion adsorption was further quantified by evaluating the numbers of the adsorbed ions. These were determined as the numbers of ions which were observed within the distance of 0.7 nm from the phosphate groups, averaged over the last 100 ns of the simulation run. The distance was chosen to include the highest peak of the radial distribution function between ions and phosphates (data not shown). The results are presented in Table 2 . These data are consistent with the density profiles, showing a stronger adsorption at the membrane of sodium over potassium. The residence times of adsorbed ions were calculated as the mean time that cations spend without interruption within the distance of 0.7 nm from the phosphate atoms. For potassium the mean residence time was about 50 ps, while that for sodium it was about three times longer.
iii) ion-lipid complexes
The weakly bound complexes between ions and lipids were analyzed in more details and the populations of individual complexes are shown in Figure 7 . An ion was considered to be in a complex with a lipid when any of lipid atoms was within the ions first solvation shell. The size of the first solvation shell was determined from the radial distribution function between the ion and lipids to be 0.275 nm for Na + and 0.311 nm for K + . The ion-lipid separation was defined as the minimal distance between the ion and lipid atoms. The populations of complexes were normalized to the number of contacts.
Firstly, we analyzed the NaK-NaK system ( Figure 7A , 7B). At the outer leaflet the ions create complexes mostly with POPC for both cations. More specifically, the most abundant complex is with three POPC lipids, which is followed by those with a pair of POPC. Complexes with PSM are much less frequent and are preferred by potassium slightly more than by sodium. At the inner leaflets also the complexes with three lipids were the most populated. Sodium prefers mostly mixed complexes with POPE and POPS lipids (about 70 %). The most abundant of these are complexes with 2 POPE and 1 POPS and with 3 POPE and 1 POPS, which together represent almost half of all sodium complexes at the inner leaflet. For potassium the complex with 2 POPE and 1 POPS is the most populated one. Compared to sodium, complexes containing potassium with a single lipid type are much more abundant than complexes with both lipid types (30 % with POPE, 30 % with POPS, and 40 % mixed).
The NaK system is simpler ( Figures 7C and 7D ). Sodium at the outer leaflet mainly forms complexes with POPC so that complexes containing sodium and two POPC are the most populated. Potassium in contact with the inner leaflet forms mostly mixed complexes and the most common one contains 2 POPE and 1 POPS molecule.
iv) electrostatic potentials
The electrostatic potentials depicted in Figure 8 were calculated from charge densities using the Poisson's equation with the periodic boundary conditions as in Ref. (31) . The absolute value of the potential was set to zero in the middle of the exterior solution (i.e., at the edge of the unit cell). It follows from the present simulations that the electrostatic potential across the membrane is zero for both systems containing salts. For comparison, we also evaluated the total electrostatic potential for the system without added salt ( Figure 8A ). For this system a total electrostatic potential of 85 mV across the membrane was found. The error in the calculations is estimated to be of the order of 10 mV, judging by the asymmetric ... [5] ... [8] ... [4] ... [1] ... [3] ... [2] ... [11] ... [10] ... [6] ... [7] ... [9] ... [12] character of the potential profile. Note finally that the shape of the potential profile in the interior is system dependent; it decreases from the membrane surface toward the center of the interior solution in the NaK-NaK system, but it increases in the NaK system. Figure 8B shows a decomposition of the electrostatic potential into contributions from two overally neutral subsystems -lipids and ions as one subsystem and water as the other. As it is usually the case in hydrated bilayers, water efficiently compensates the electric fields due to the lipid headgroups and ions. Consistent with the screening effect of salt ions, at high salt concentration the electrostatic profile is flat in the interior solution, while the effect of the headgroups propagates deeper into water at low salt.
v) water permeation
During the present simulations we were able to observe water permeation through the membrane. In total, 3 water molecules penetrated the membrane from the exterior to the interior in the NaK-NaK system, while 8 waters moved in the opposite direction during the last 100 ns of the simulation. Similar permeation was also observed for the NaK system, where 10 water molecules penetrated from the exterior to the interior and 3 waters moved in opposite way. The density of water inside the membrane can be roughly estimated from water density profiles, based on the observed 24 permeating events, to be three orders of magnitude lower than in bulk water. There was no penetration of ions within the whole period of 260 ns of the simulation run.
The process of water permeation through the membrane is depicted as snapshots in Figure 9 . We also show in Figure 10 four representative trajectories of water molecules projected in the direction perpendicular to the membrane. Observations that can be made from Figures 9 and 10 allow us to divide the permeation process into motion within distinct regions: 1. Diffusion in aqueous solution. 2. Motion across the membrane interface, particularly across the carbonyl region, where water was observed to reside for up to several ns and diffuse slowly. 3. Motion across the hydrophobic carbon chain region, where water diffuses very fast. The maximum observed duration was tens of picoseconds. 4. Motion in the middle of the membrane where the density of chains is low and water molecule stays for up to nanoseconds and is very mobile.
Finally, we found that the permeating water molecule forms a hydrogen bond with carbonyl oxygen while moving from the headgroup region into the tail region. This may help to stabilize the water molecule while it is loosing hydrogen bonds with other waters.
v) lipid clustering
In Figure 11 we present snapshots of the membrane at time points of 40 ns and 200 ns (snapshots at the end of the simulation at 260 ns are very similar). From top views of both the outer and inner leaflets we can conclude that during the several hundreds of nanoseconds of the simulation no domains were created and the distribution of lipids remained random, as generated at the beginning.
Discussion i) equilibration and membrane area
We observed in our simulations that the equilibration time was relatively long, around 160 ns and that it contained two time regimes -a fast one, ~20 ns, followed by a more than 7 100 ns period within which the system slowly reached equilibrium (see Figure 4 for the equilibration process monitored in terms of the total membrane area in the unit cell). We also observed that the equilibrated area per lipid is a bit smaller in the NaK-NaK system compared to the NaK system, which is consistent with a previously observed (21) decrease of the area per POPC lipid for higher NaCl concentrations.
ii) adsorption of ions
The present simulations show that sodium ions adsorb more strongly than potassium at both sides of asymmetric membrane, this difference being more pronounced at the inner leaflet which contains negatively charged lipids. The strength and spatial localization of adsorption of alkali cations is consistent with longer residence times for smaller cations (32) as well as with the previous studies of single-lipid membranes employing the same forcefield (11, 13, 14, 20, 21, 33, 34) . The observed double peak of cationic density profiles next to the inner leaflet is in agreement with results for a pure POPS bilayer (20) . Therefore we can conclude that the adsorption of cations at the inner leaflet is mainly determined by anionic POPS, even though POPS represents only 1/3 of the lipids in inner leaflet. Not surprisingly and consistently with previous observations for pure POPS (20) , there is no enhancement of Cl -at inner leaflet. In general, sodium is adsorbed at the membrane more than potassium, the only exception being the carboxyl groups region of the inner leaflet in the NaK-NaK system. The latter is a finite concentration effect. Namely, due to the strong sodium adsorption to the carbonyl region there are not as many sodium cations left in the solution as there are potassium cations; subsequently we get the preferred adsorption of potassium on carboxyl, in spite of different affinities. Indeed, if one constructs normalized radial distribution functions between the carboxyl group and cations (data not shown here), sodium is the preferred ion. It is worth mentioning here that the most preferred configuration between the carboxyl group and alkali cations is a water-separated pair with an oxygen-cation distance of about 0.4 nm. This is likely due to the vicinity of the positively charged ammonium group which leads to destabilization of the contact ion pair that is otherwise preferred (e.g., for acetate anion in solution (35)).
iii) ion-lipid complex
At the outer leaflets the most important complexes with sodium and potassium ions were those with POPC lipids for both systems under investigation. The reason for this behavior is likely that the PSM lipid has only one carbonyl oxygen and its partial charge is smaller than the one on POPC. The most common ion-lipid complexes were with two POPC in the NaK system, but with three POPC in the NaK-NaK system, which points to the effect of the concentration.
The inner leaflets contained mostly mixed complexes with sodium preferred over potassium. This means that none of the lipid type molecules are strongly preferred by the ions, even though the POPS lipids are negatively charged. The most populated are complexes with three lipids and the most abundant contain 2 POPE and 1 POPS molecules. Incidentally, this complex has the same ratio of lipids as the ratio in the leaflet. Also, while sodium prefers mixed lipid complexes, the more weakly bound potassium is left to form complexes mainly with a single type of lipid.
iv) electrostatic potentials
The observed vanishing electrostatic potential across the membrane in salt solutions can be attributed to the effect of ion screening of the membrane surface. The negative membrane potential is observed for system containing negatively charged lipids without 
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Odstraněno: ii 8 added salt, which is consistent with the result of recent study of pure PS/PC and PS/PE membranes (36) , and is caused by only partial screening of negatively charged lipids. In salt solution (the NaK system) cations get adsorbed to the membrane leading to the screening of the electrostatic potential at shorter distances. At higher salt concentrations (the NaK-NaK system) the ions adsorption becomes strong enough to even overcompensate the POPS negative charge. This explains why the electrostatic potential monotonously approaches zero without acquiring negative values (as in the previous cases).
The observed slightly negative potential on the outer leaflets is in agreement with previous studies of zwiterionic lipids (21, 32, 33) . It was shown to be caused by water orientation at the headgroups (21).
v) water permeation
Water permeation through membrane has been found to be a relatively fast (ns) process for all 24 observed cases. Diffusion of a water molecule through the hydrophobic tails was faster than in bulk water (of the order of tens of ps) peaking in the middle of the membrane. The time limiting step was the initial water permeation at the carbonyl region which took up to several ns. This is in agreement with recent experiments (37, 38) , where it was shown that water permeation is strongly dependent on the area per lipid rather than on the membrane thickness. Our results are also consistent with previous simulations (39) (40) (41) , where the free energy profile and local diffusion of water through a PC membrane was calculated. In these studies a free energy barrier at the dense part of the lipid tails located below the carbonyl region was found as a limiting step for water to enter the hydrophobic part of the membrane. Furthermore, there is a small free energy minimum in the middle of the membrane that is codetermining water transport through the lipids. Note that Marrink and Berendsen (41) calculated also the water lateral diffusion rate, which was found to be the highest in the middle of the membrane, decreasing towards the carbonyl region and increasing again upon moving toward the aqueous bulk, which is in agreement with the present findings.
Conclusions
In the present simulation we increased the complexity level of previously simulated single-component membranes or leaflets in water or salt solutions by considering a multicomponent asymmetric bilayer in aqueous solutions containing mixtures of salts. The choice of four different lipids, as well as sodium and potassium chloride salts was dictated by biological considerations and the study of such systems brings us closer to the description of real biological membranes. Moreover, thanks to the geometry of our unit cell which contains two bilayers, the aqueous solutions in our systems are represented by two pools (exterior and interior). This also represents a step toward biological reality, since membranes separate the different intra-and extracellular solutions. We observe from our simulations that specific effects play a role in the distribution of ions at the membrane/aqueous solution interface. Thus, at equal concentrations Na + ions are more strongly adsorbed to carbonyl groups of the lipid molecules than K + due to specific interactions (42) . Only in case of concentration excess can K + win over Na + in abundance at the membrane. The preference of sodium over potassium at the headgroup region is consistent with our previous simulations of a single component DOPC membrane using an all atom force field (43) . Also, detailed results on the specific character of the ion-lipid headgroup interactions somewhat depend on the employed force-field. In our simulation with the all atom force field the preferred adsorption site for cations is near the phosphate group (43) . A simulation employing the CHARMM force field, which has larger sodium radius, shows a weaker surface preference (31) . This is consistent with the weaker surface affinity of potassium over sodium observed here. In addition, we observe that the cations can form various complexes with more than a single headgroup. Most 
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Odstraněno: (38) (39) (40) Odstraněno: (40) Odstraněno: seem to Odstraněno: used Odstraněno: Thus i 9 common complexes are those with three lipids. In the outer leaflet the most abundant complex is with 3 POPC, while in the inner leaflet it is with 2 POPE and 1 POPS molecules. An interesting question arises whether the observed preference for Na + over K + by the membrane interior surface has anything to do with the strong asymmetry in concentration of these ions in the interior and exterior of the cell, maintained by ion pumps and channels.
Concentration-dependent specific ion-membrane interactions are also displayed in the behavior of the electrostatic potential in the inner pool of the aqueous solution. The charge on the negative inner membrane can be partially screened by salt and counter-ions (NaK case) or overcompensated (NaK-NaK system) by adsorption of ions from the solution. Also note, that the concentration of ions, even in case of the NaK system, which is of physiological relevance, is large enough to produce effective screening which reduces the potential to zero in the middle of the relatively small aqueous interior pool.
We also observed that water can permeate across the membrane in our simulations and the qualitative features describing this permeation are consistent with those observed for systems simpler than ours (41) . The presence of ions produce a slight condensation of the lipid bilayer, but it does not lead to creation of domains, which are speculated to exist in membranes due to the salt effect (44) . This can be due to the limited time duration (260 ns) of our simulation, which also prevented us from being able to observe passive ion transport across membranes possibly facilitated by the creation of water channels. In order to model faithfully transport of ions across channels and active transport across pumps one needs to include proteins into bilayers which have an asymmetry in their leaflet compositions to regulate both the mechanical and electrical properties of the protein. The latter is done by adjusting, via salt screening and adsorption, the cross-membrane potential. The present simulation thus represents a step toward detailed studies of the complicated biological membrane/aqueous solution interface. Table 1 :
System NaK-NaK (Full reservoir) System Na-K (Realistic) Outer leaflet 30 The number density profiles of system with two asymmetric membranes as a function of distance perpendicular to the membrane surface, data were averaged over 100 ns. Figure 4 : The time dependence of the total membrane area within the unit cell for systems NaK-NaK and Na-K. Dashed lines depict linear fits to the last 100 ns. Figure 5 : Total amounts of adsorbed ions at membrane determined as the number of ions within the distance of 0.7 nm from the phosphate groups. Figure 6 : The number density profiles of ions across the asymmetric membrane with inner leaflet on the right. For easier localization of ion peaks, density profiles of carbonyl and carboxyl oxygens are also depicted. Only half of the unit cell is shown, the results being averaged over the two equivalent halves. A) the NaK-NaK system and B) the NaK system. Figure 7 : The populations (in per cent) of weakly bound complexes of lipids with sodium (black) and potassium (gray, darted) normalized to the total number of complexes for each ion. A) and B) the NaK-NaK system and C) and D) the NaK system. Figure 8: A) The total electrostatic potentials of both studied systems plus the system with no added salt (where only counter-ions for POPS were present) -dotted line. There is the magnified electrostatic potential of inner solution in the inlet. B) The partial electrostatic potentials for the NaK-NaK and Na-K systems. Figure 9 : Five snapshots depicting the process of water permeation. Figure 10 : Four representative trajectories of water molecules penetrating through the bilayer.
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